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SURFACE PLASMON RESONANCE MEASURING CHIP AND METHOD OF 

MANUFACTURE THEREOF 
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BACKGROUND OF THE INVENTION 
Field of the Invention 
The present invention relates to a measuring chip that 
is employed in a surface plasmon resonance measuring apparatus 
for quantitatively analyzing a substance in a sample by utilizing 
the excitation of a surface plasmon. The present invention also 
relates to a method of manufacture of a measuring chip as described 



q above . 
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hj Description of the Related Art 
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fr* In metals, if free electrons are caused to vibrate in 
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a group, compression waves called plasma waves will be generated. 

£3 

|J? The compression waves generated in a metal surface and quantized 

ru 

'm are called surface plasmon. 

A variety of surface plasmon resonance measuring 
apparatuses have been proposed to quantitatively analyze a 
substance in a sample by taking advantage of a phenomenon that 

20 surface plasmon is exited by light waves . Among the apparatuses, 

an apparatus employing a system called "Kretschmann 
configuration" is particularly well known (e.g., see Japanese 
Unexamined Patent Publication No. 6 (1994) -167443) . 

The surface plasmon resonance measuring apparatus 

25 employing the "Kretschmann configuration" is equipped mainly 

with a dielectric block formed, for example, into the shape of 



1 



a prism; a metal film, formed on a surface of the dielectric 
block, for placing a sample thereon; a light source for emitting 
a light beam; an optical system for making the light beam enter 
the dielectric block so that a condition for total internal 
reflection is satisfied at the interface between the dielectric 
block and the metal film and that various angles of incidence, 
including a surface plasmon resonance condition, are obtained; 
and photodetection means for measuring the intensity of the light 
beam satisfying total internal reflection at the interface to 
detect surface plasmon resonance. 

In order to obtain various angles of incidence in the 
aforementioned manner, a relatively thin light beam may be caused 
to strike the above-mentioned interface at different angles of 
incidence, or relatively thick convergent or divergent rays may 
be caused to strike the interface so that they contain components 
incident at various angles. In the former, a light beam whose 
reflection angle varies with deflection of the light beam, can 
be detected by a small photodetector that is moved in 
synchronization with the light beam deflection, or by an area 
sensor extending in the direction where the angle of reflection 
varies. In the latter, on the other hand, rays reflected at 
various angles can be detected by an area sensor extending in 
a direction where all the reflected rays can be received. 

In the surface plasmon resonance measuring apparatus 
mentioned above, if a light beam strikes the metal film at a 
specific incidence angle 6 sp equal to or greater than a critical 



angle of incidence at which total internal reflection takes place, 
evanescent waves havingelectric f ielddistribution are generated 
in the sample in contact with the metal film, whereby surface 
plasmon is excited at the interface between the metal film and 
the sample . When the wave vector of the evanescent light is equal 
to the wave number of the surface plasmon and therefore the wave 
numbers between the two are matched, the evanescent waves and 
the surface plasmon resonate and light energy is transferred 
to the surface plasmon, whereby the intensity of light satisfying 
total internal reflection at the interface between the dielectric 
block and the metal film drops sharply. The sharp intensity drop 
is generally detected as a dark line by the above-mentioned 
photodetection means . 

Note that the above-mentioned resonance occurs only 
when the incident light beam is a p-polarized light beam. 
Therefore, in order to make the resonance occur, it is necessary 
that a light beam be p-polarized before it strikes the interface . 

If the wave number of the surface plasmon is found from 
a specific incidence angle 0 sp at which attenuated total 
reflection (hereinafter referred to as ATR) takes place, the 
dielectric constant of a sample to be analyzed can be calculated 
by the following Equation: 

1/2 1/2 
K sp ( co ) = (co /c) { a m (to) e s } /{ £ m (ft)) + £ s ) 



where K sp represents the wave number of the surface plasmon, co 



represents the angular frequency of the surface plasmon, c 

represents the speed of light in vacuum, and e m and e s represent 
the dielectric constants of the metal and the sample, 
respectively. 

If the dielectric constant £ s of the sample is found, 
the density of a specific substance in the sample is found based 
on a predetermined calibration curve, etc. As a result, the 
specific substance can be quantitatively analyzed by finding 
the incidence angle 6 sp at which the intensity of reflected light 
drops . 

In the conventional surface plasmon resonance 
measuring apparatus employing the aforementioned system, the 
metal film on which a sample is placed must be exchanged for 
a new one each time a measurement is made. Because of this, the 
metal film is fixed to a first dielectric block in the form of 
a plate, and a second dielectric block in the form of a prism 
is provided as an optical coupler for making the aforementioned 
total internal reflection occur. The first dielectric block is 
united with a surface of the second dielectric block. The second 
dielectric block is fixed with respect to an optical system, 
and the first dielectric block and the metal film are used as 
a measuring chip. In this manner, the measuring chip can be 
exchanged for a new one, every time a measurement is made. 

However, in the case where the conventional 
exchangeable measuring chip is employed, a gap occurs between 
the first dielectric block and the second dielectric block and 



the refractive index becomes discontinuous. To prevent the 
discontinuity, it is necessary that the two dielectric blocks 
be united through an index-matching solution. The operation of 
uniting the two dielectric blocks in a body is fairly difficult, 
5 and consequently, the conventional measuring chip is not easy 

to handle in making a measurement. Particularly, in the case 
where measurement is automated by automatically loading a 
measuring chip into a turret, then rotating the turret, and 
automatically supplying the measuring chip to a measuring 
Ml position where a light beam enters the measuring chip, the loading 

s a 

O and removal of the measuring chip is time-consuming, resulting 

s-s a 

hi in a reduction in the efficiency of the automatic measurement. 

V. "ST 

in 

m In addition, there is a possibility that the 

%?S 

■ conventional measuring chip will have a detrimental influence 

C3 

l& on the environment, because it uses an index-matching solution. 

til 

S X In view of the circumstances mentioned above, the 

ry applicant has proposed a surface plasmon resonance measuring 

chip that can be easily exchanged for a new one without requiring 
an index-matching solution (Japanese Unexamined Patent 

20 Publication No. 2000-212125) . 

This surface plasmon resonance measuring chip is 
equipped with a dielectric block; a metal film, formed on a surf ace 
of the dielectric block, for placing a sample thereon; a light 
source for emitting a light beam; an optical system for making 

25 the light beam enter the dielectric block at various angles of 

incidence so that a condition for total internal reflection is 
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satisfied at an interface between the dielectric block and the 
metal film; and photodetection means for detecting the intensity 
of the light beam satisfying total internal reflection at the 
interface to detect surface plasmon resonance. The dielectric 
block is formed as a single block that includes an entrance surface 
which the light beam enters, an exit surface from which the light 
beam emerges, and a surface on which the metal film is formed. 
The metal film is united with the dielectric block. 

In the surface plasmon resonance measuring chip 
disclosed in the aforementioned publication No. 2000-212125, 
the dielectric block is formed as a single block that includes 
an entrance surface which the light beam enters, an exit surface 
from which the light beam emerges, and a surface on which the 
metal film is formed (this block also functions as an optical 
coupler because it includes an entrance surface and an exit 
surface) , and the dielectric block is united with the metal film. 
Therefore, if only the measuring chip is installed in and removed 
from the optical system, the measuring chip can be easily exchanged 
for a new one. 

That is, since the surface plasmon resonance measuring 
chip does not require the aforementioned two dielectric blocks, 
the measuring chip does not have to employ an index-matching 
solution through which the two dielectric blocks are united. 
Thus, the measuring chip is capable of eliminating the 
inconvenience of handling that is caused by employing an 
index-matching solution . 



In addition, if the measuring chip does not need to 
employ an index-matching solution, the measuring chip is 
p reven ted from having a detrimental influence on the environment . 

Note that desirable materials for the dielectric block 
are glass and synthetic resin. Particularly, synthetic resin 
is advantageous in that measuring chips can be manufactured at 
low costs by injection molding. 

However, in the case where measuring chips are formed 
from synthetic resin, the problem of a reduction in the 
signal-to-noise (S/N) ratio for the output signal of the 
photodetection means that detects surface plasmon resonance will 
arise . 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
circumstances mentioned above. Accordingly, it is the primary 
object of the present invention to provide a measuring chip, 
consisting of synthetic resin, which is capable of realizing 
high accuracy of measurement by assuring a high S/N ratio for 
the output signal of photodetection means that detects surface 
plasmon resonance . 

It is another object of the present invention to provide 
a method of manufacture of a surface plasmon resonance measuring 
chip as described above. 

To achieve this end and in accordance with an important 
aspect of the present invention, there is provided a surface 
plasmon resonance measuring chip comprising: (1) a dielectric 



block; (2) a metal film, formed on a surface of the dielectric 
block, forplacinga sample thereon; (3) a light source for emitting 
a light beam; (4) an optical system for making the light beam 
enter the dielectric block at various angles of incidence so 
that a condition for total internal reflection is satisfied at 
an interface between the dielectric block and the metal film; 
and (5) photodetection means for detecting the intensity of the 
light beam satisfying total internal reflection at the interface 
to detect surface plasmon resonance. In the surface plasmon 
resonance measuring chip, the dielectric block is formed as a 
single block that includes an entrance surface which the light 
beam enters, an exit surface from which the light beam emerges, 
and a surface on which the metal film is formed. The metal film 
is united with the dielectric block . Furthermore, the dielectric 
block is formed from a synthetic resin in which, when the light 
beam is p-polarized outside the dielectric block and then strikes 
the interface, the intensity of a s-polarized component at the 
interface is 50% or less of the intensity of the light beam at 
the interface. That is, the conversion ratio of the p-polarized 
component to the s-polarized component is 50% or less. 
Hereinafter, this conversion ratio will be referred to as 

"conversion ratio R" . 

In a preferred form of the present invention, the 
aforementioned dielectric block is formed from a synthetic resin 
in which, when the light beam is p-polarized outside the dielectric 
block and then strikes the interface, the intensity of a 
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s-polarized component at the interface is 30% or less of the 
intensity of the light beam at the interface , and further desirably 
10% or less of the intensity of the light beam at the interface, 
synthetic resin In the surface plasmon resonance measuring 

5 chip of the present invention, synthetic resina synthetic resin 

that suppresses the intensity of the s-polarized component of 
the light beam may be, for example, PMMA 
(polymethylmethacrylate) . 

In the surface plasmon resonance measuring chip of the 

M present invention, it is desirable that a sensing medium that 

u 

O exhibits a coupling reaction with a specific substance in the 

r. iss 
• is 

sample is fixed on the metal film. 

It is desirable that the surface plasmon resonance 
measuring chip be provided with a sample holding mechanism for 
IS holding a sample on the metal film. More specif ically, the sample 

holding mechanism is constructed of a member having a hole in 
fU which the metal film is received. The cross section of the hole 

of the member is tapered so that it gradually increases in size 
from the bottom of the hole toward the top of the hole. 
20 In the surface plasmon resonance measuring chip, it 

is desirable that the aforementioned dielectric block have a 
polygonal cross section (such as a square cross section, etc.) 
which gradually increases in size from the bottom of the block 
toward the top of the block. 
25 The method of manufacture of the surface plasmon 

resonance measuring chip according to the present invention is 
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a method of manufacture of a surface plasmon resonance measuring 
chip having the basic structure as that disclosed in the 
aforementioned Japanese Unexamined Patent Publication No. 
2000-212125. That is, it is a method of manufacturing a surface 
plasmon resonance measuring chip for use in a surface plasmon 
resonance measurement apparatus constituted of: a light source 
for emitting a light beam; an optical system for making said 
light beam enter a dielectric block at various angles of incidence 
so that a condition for total internal reflection is satisfied 
at an interface between said dielectric block and said metal 
film; and photodetection means for detecting the intensity of 
said light beam satisfying total internal reflection at said 
interface to detect surface plasmon resonance; wherein said 
dielectric block is formed as a single block that includes an 
entrance surface which said light beam enters, an exit surface 
from which said light beam emerges, and a surface on which said 
metal film is formed; comprising the step of: manufacturing the 
measuring chip with said dielectric block being formed integrally 
with said metal film by positioning a resin introducing gate 
in a position that faces the surface of the mold that defines 
the surface on which said metal film is to be formed and forming 
said block by injection molding. 

The inventors have made various investigations and 
experiments and found that in the conventional surface plasmon 
resonance measuring chip employing synthetic resin material, 
the problem of a reduction in the S/N ratio for the output signal 
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of the photodetection means for detecting surface plasmon 
resonance results from a change in the polarized component of 
a light beam caused by optical distortion (double refraction, 
etc.) generated in the synthetic resin material. 

That is, even if a light beam is p-polarized and is 
caused to strike the interface between a synthetic resin 
dielectric block and a metal film to generate surface plasmon 
resonance, the polarization state of the light beam will change 
due to the optical distortion (double refraction, etc.) of the 
synthetic resin, as the light beam travels through the synthetic 
resin dielectric block. For this reason, when the light beam 
reaches the interface, a strong s-polarized component has often 
been generated. The s-polarized component makes no contribution 
to surface plasmon resonance, and the s-polarized component 
always satisfies total internal reflection at the interface and 
is detected as a bias component by the photodetection means. 
Because of this, the light quantity of the p-polarized component 
which causes ATR to occur is reduced and the S/N ratio for the 
detected signal is reduced. 

This point will be described in greater detail below. 
Figure 13 is a graph that shows the relationship between the 
incidence angle of light that enters the interface between a 
dielectric block and a metal film in a surface plasmon resonance 
measuring apparatus; and the intensity of detected total 
internally reflected light. In the figure, the solid and broken 
lines represent a case in which 100% of the p-polarized component 



of the p-polarized light beam that enters the dielectric block 
is preserved when the light reaches the interface between the 
dielectric block and the metal film (that is, the conversion 
ratio R is 0%) , and a case in which 50% of the p-polarized component 
of the p-polarized light beam that enters the dielectric block 
is preserved when the light reaches the interface between the 
dielectric block and the metal film (that is, the conversion 
ratio R is 50%) , respectively. As described above, with regard 
to surface plasmon resonance measurement, basically, what is 
sought is the dielectric constant of the sample from the incidence 
angle 9sp at which ATR occurs, or the nature of the sample 
corresponding to this dielectric constant. Thus, the deeper the 
dip (drop) of the detected total internal reflection signal for 
the incidence angle Gsp, the higher the S/N ratio of the detection 
signal obtained. As shown in the figure, in the case that the 
conversion ratio R is 50%, the depth of the dip is 1/2 that of 
the case that the conversion ratio R is 0%. As the noise level 
is constant for both cases, the S/N ratio of the detection signal 
is also 1/2 . In this manner, the S/N ratio of the detection signal 
is affected by the conversion ratio R of the light beam to the 
s-polarized component. 

Based on the facts described above, the present 
inventors experimentally investigated to what degree the 
conversion ratio R had to be suppressed in order to make practical 
surface plasmon resonance measurement possible, when attempting 
to make a light beam incident on the interface between a dielectric 



block and a metal film in a p-polarized state. With regard to 
the experiments, a surface plasmon resonance measuring apparatus 
as shown in figure 1, to be described later, was employed. The 
S/N ratio was evaluated based on a differential signal, obtained 
by differentiating the output signal (SPR signal) of a 
photodetector for detecting the intensity of totally internally 
reflected light. Note that with regard to this apparatus, the 
noise level of the electrical system for detecting the intensity 
of totally internally reflected light is approximately lmV. This 
is a noise level common to electrical circuits. 

With reference to Figure 14, the method of deriving 
the S/N ratio in this case will be described. In the figure, 
A and B represent the aforementioned SPR signal Sp and the 
differential signal Sp' differentiated therefrom, respectively, 
for a case in which the conversion ratio R is 0%. In addition, 
a sensing medium that exhibits a coupling reaction with a specific 
substance in the sample is placed on the metal film. The solid 
lines and the broken lines in the figures represent the signal 
values before and after the coupling reaction, respectively. 
The case in which the dielectric constant of the specific substance, 
that is, the identity of the specific substance which exhibited 
the coupling reaction with the sensing medium, is sought from 
the amount of change 5Sp' of the differential signal Sp' before 
and after the coupling reaction, will be considered. 

In this case, if the noise level is set as 5N, then 
S/N= (5Sp' /5N) . Incidentally, in the case that the conversion 



ratio R is 50%, the SPR signal and the differential signal thereof 
will be those shown in Figure 15A and Figure 15B, -respectively. 
As can be seen by a comparison of Figure 14 and Figure 15, while 
the noise level 5N is constant, as the amount of change 5Sp' 
of the differential signal Sp' in the case in which the conversion 
ratio R is 50% is 1/2 that in the case in which the conversion 
ratio R is 0%, the S/N ratio of the case in which the conversion 
ratio R is 50% is also 1/2 that in the case in which the conversion 

ratio R is 0%. 

By deriving the S/N ratio in the manner described above, 
experiments were conducted to investigate to what degree the 
conversion ratio R should be suppressed in order to realize a 
S/N ratio greater than or equal to 10, which is the S/N ratio 
generally required to perform this type of measurement accurately . 
With regard to the experiments, the conversion ratio R was set 
to various values, and investigation was conducted for each case . 
However, only the conversion ratios R relating to the present 
invention will be described below, 

(1) Conversion ratio R=50% 

In this case, when the change in refractive index was 
lxlO" 5 , the amount of change 5Sp' of the differential 
signal Sp' became approximately 5.6mV. As the noise 
level is approximately lmV as described above, the 
change in refractive index at which S/N=10 becomes 
1.8xl0" 5 . This value is substantially equal to that 
obtained in, for example, the screening of drugs, when 
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the aforementioned sensing medium couples with a 
substance having a low molecular weight of 360. As 
the majority of lowmolecular weight substances subject 
to drug screening have a molecular weight on the order 
of 360-800 (for example, biotinylated amine has a 
molecular weight of 374), if a dielectric block is 
formed by a synthetic resin with a conversion ratio 
R of less than or equal to 50%, low molecular weight 
substances such as these can be screened for with high 
accuracy. 

(2) Conversion ratio R=30% 

In this case, when the change in refractive index was 
lxl0~ 5 , the amount of change 5Sp' of the differential 
signal Sp' became approximately 7.8mV. As the noise 
level is approximately lmV as described above, the 
change in refractive index at which S/N=10 becomes 
1.3xl0~ 5 . This value is substantially equal to that 
obtained when the aforementioned sensing medium 
couples with a substance having a low molecular weight 
of 260. As there exist a number of substances from 
among the of low molecular weight substances subject 
to drug screening having a molecular weight on the order 
of 260-360 (for example, vitamin Bl has a molecular 
weight of 334) , if a dielectric block is formed by a 
synthetic resin with a conversion ratio R of less than 
or equal to 30%, low molecular weight substances such 
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as these can be screened for with high accuracy. 
(3) Conversion ratio=10% 

In this case, when the change in refractive index was 
lxlO" 5 , the amount of change 5Sp' of the differential 
signal Sp' became approximately lOmV. As the noise 
level is approximately lmVas describedabove, S/N ratio 
equals 10 at this change in refractive index. This 
value is substantially equal to that obtained when the 
aforementioned sensing medium couples with a substance 
having a low molecular weight of 200 . In drug screening, 
it is said that if substances having a molecular weight 
greater than or equal to 200 are detectable, it is 
possible to screen for substantially all substances 
(for example, biotin has a molecular weight of 244) . 
Therefore, if a dielectric block is formed by a 
synthetic resin with a conversion ratio R of less than 
or equal to 10%, the apparatus becomes applicable to 
the screening of various drugs. 

Whether or not the aforementioned polarization ratio 
has been maintained can be judged by detecting a polarization 
ratio from the dielectric block. That is, the influence of 
optical distortion on the polarization state of the light is 
greater at the exit surface of the dielectric block than at the 
interface . Therefore, if the polarization ratio for the emergent 
light satisfies the aforementioned condition, a change in the 
polarization state at the interface due to the influence of optical 



distortion is less than that. 

In the present invention, the aforementioned sample 
holding mechanism is provided to hold a sample on the metal f ilm; 
the sample holding mechanism consists of a member having a hole; 
and furthermore, the hole is tapered to that the cross section 
thereof increases in size from the bottom of the dielectric block 
toward the top of the dielectric block. In this case, the effect 
of making the thickness of the metal film even can also be obtained. 
That is, the metal film is generally formed by vapor deposition. 
If the sample holding mechanism is formed into a shape such as 
that described above, a deposited metal film is held in the hole 
of the sample holding mechanism and can be prevented from becoming 
uneven in thickness. 

In the surface plasmon resonance measuring chip, when 
the aforementioned dielectric block has a polygonal cross section 
(such as a square cross section, etc. ) which gradually increases 
in size from the bottom of the block toward the top of the block, 
positioning in installing this chip in the measuring apparatus 
is facilitated. 

That is, if a polygonal bore (a square bore, etc.) is 
formed in the horizontal measuring table, etc., of the measuring 
apparatus, and the polygonal dielectric block is fitted in the 
polygonal bore, the dielectric block is automatically set in 
a predetermined direction within a horizontal plane, because 
the polygonal portions engage with each other. Thus, there is 
no possibility that the measuring chip will be shifted 



horizontally from the polygonal bore. 

Furthermore, if the tapered polygonal dielectric block 
is inserted into the polygonal bore formed in the measuring table, 
etc. , the dielectric block is automatically stopped at a vertical 
position where the polygonal portions engage with each other. 
Thus, vertical positioning is also easily performed. 

If the method of manufacture of a surface plasmon 
resonance measuring chip of the present invention is applied, 
a measuring chip having comparative intensities of the 
s-polarized component (conversion ratio R) of less than or equal 
to 50%, less than or equal than 30%, and less than or equal to 
10% can be obtained. This is thought to be because the 
polarization state of the light beam incident on the surface 
on which the metal film is formed is preserved. This is 
accomplished by positioning a resin introducing gate in aposition 
that faces the surface of the mold that defines the surface on 
which said metal film is to be formed and forming said block 
by injection molding, thereby improving the planarity of said 
surface . 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be described in further 

detail with reference to the accompanying drawings wherein: 
Figure 1 is a perspective view showing a surface plasmon 

resonance measuring apparatus that employs surface plasmon 

resonance measuring chips constructed according to a first 

embodiment of the present invention; 
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Figure 2 is a partial-sectional side view showing the 
essential parts of the surface plasmon resonance measuring 
apparatus of Figure 1; 

Figure 3 is a perspective view showing the surface 
plasmon resonance measuring chip of the first embodiment of the 
present inventions- 
Figure 4 is a graph showing the relationship between 
the incidence angle at which a light beam enters the surface 
plasmon resonance measuring chip, and the intensity of the light 
beam reflected at the measuring chip; 

Figure 5 is a partial-sectional side view showing the 
surface plasmon resonance measuring apparatus that employs 
surface plasmon resonance measuring chips constructed according 
to a second embodiment of the present invention; 

Figure 6 is a partial-sectional side view showing 
another surface plasmon resonance measuring apparatus that 
employs the surface plasmon resonance measuring chip of the 
present invention; 

Figure 7 is a sectional side view showing a surface 
plasmon resonance measuring chip constructed according to a third 
embodiment of the present invention; 

Figure 8 is a perspective view showing a surface plasmon 
resonance measuring chip constructed according to a fourth 
embodiment of the present invention; 

Figure 9 is a perspective view showing a surface plasmon 
resonance measuring chip constructed according to a fifth 



embodiment of the present invention; 

Figure 10 is a perspective view showing a surface 
plasmon resonance measuring chip constructed according to a sixth 

embodiment of the present invention; 

Figure 11 is a perspective view showing a surface 

plasmon resonance measuring chip constructed according to a 

seventh embodiment of the present inventions- 
Figure 12A is a perspective view showing a surface 

plasmon resonance measuring chip constructed according to an 

eighth embodiment of the present invention; 

Figure 12B is a sectional side view showing the surface 

plasmon resonance measuring chip of Figure 12A; 

Figure 13 is a graph that shows the relationship between 

the incidence angle of light that enters the interface between 

a dielectric block and a metal film in a surface plasmon resonance 

measuring apparatus ; 

Figure 14A is a graph that shows the change in the output 

signal of the photodetector corresponding to the refractive index 

of the samples- 
Figure 14B is a graph that shows the change in the 

differential signal, differentiated from the output signal of 

the photodetector, corresponding to the refractive index of the 

sampler- 
Figure 15A is a graph that shows the change in the output 
signal of the photodetector corresponding to the refractive index 
of the sample when the dielectric block is formed from a material 
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different from that in Figure 14A; 

Figure 15B is a graph that shows the change in the 
differential signal, differentiated from the output signal of 
the photodetector, corresponding to the refractive index of the 
sample when the dielecdtric block is formed from a material 
different from that in Figure 14B; 

Figure 16 is a perspective view showing an example of 
a surface plasmon resonance measuring chip manufactured according 
to the method of the present invention; 

Figure 17 is a sectional side view of an example of 
an apparatus for manufacturing a surface plasmon resonance 
measuring chip according to the method of the present invention; 
and 

Figure 18 is a magnified sectional side view of the 
main parts of the apparatus of Figure 17. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now in greater detail to the drawings and 
initially to Figs. 1 to 3, there is shown a surface plasmon 
resonance measuring apparatus that employs a surface plasmon 
resonance measuring chip (hereinafter referred to as a measuring 
chip) 10 constructed according to a first embodiment of the present 
invention . 

As shown in Fig. 1, the surface plasmon resonance 
measuring apparatus has a turntable 20 for supporting a plurality 
of measuring chips 10; a laser light source (e.g., a semiconductor 
laser) 31 for emitting a measuring light beam (e.g., a laser 



beam) 30; a condenser lens 32 constituting an optical incidence 
system; a photodetector 40; supporting-body drive means 50 for 
rotating the above-mentioned turntable 20 intermittently; a 
controller 60 for controlling the supporting-body drive means 
50 and also for receiving an output signal S from the photodetector 
40 and performing a process which is to be described later; and 
an automatic sample supply mechanism 70. 

The measuring chip 10, as shown in Figs. 2 and 3, is 
constructed of a transparent dielectric block 11 formed into 
the shape of a rectangular parallelopiped, for example; a metal 
film 12, formed on the top surface of the dielectric block 11, 
which consists of silver, copper, aluminum, etc.; and a sample 
holding frame 13 formed on the dielectric block 11 so that the 
metal film 12 is exposed to the outside. The dielectric block 
11 is formed as a single block, which includes a top surface 
on which the metal film 12 is formed (top surface that constitutes 
an interface 11a to be described later) , an entrance surface 
11c that the light beam 30 enters, and an exit surface lib from 
which the light beam 30 emerges. The sample holding frame 13 
holds, for example, a liquid sample 15, as described later. 

The dielectric block 11 and the sample holding frame 
13, which constitute the measuring chip 10, are integrally formed, 
for example, from polymethylmethacrylate (PMMA) , which is a 
transparent synthetic resin. The measuring chip 10 is 
exchangeable with respect to the turntable 20. To make the 
measuring chip 10 exchangeable, it is detachably fitted in a 



22 



through hole formed in the turntable 20 . In the first embodiment, 
a sensing medium 14 is mounted on the metal film 12 . The sensing 
medium 14 will be described in detail later. 

Note that it is desirable that the refractive index 
of the synthetic resin material of the dielectric block 11 
generally be in a range of about 1.45 to 2.5. The reason for 
this is that a practical surface plasmon resonance angle is 
obtained in the refractive index range. It is further desirable 
to employ a synthetic resin in which a quantity of optical 
distortion (double refraction) is 20 to 420 nm. If a synthetic 
resin with such a small optical distortion is employed, 
measurements can be made with a high degree of accuracy. The 
quantity of optical distortion (double refraction) is measurable 
by a parallel nicol method. 

The turntable 20 is constructed so that a plurality 
of measuring chips 10 are supported at equiangular intervals 
on a circle with respect to the axis of rotation 20a. The first 
embodiment employs 11 (eleven) measuring chips 10. The 
supporting-body drive means 50 is constructed of a stepping motor , 
etc., and is rotated intermittently at equiangular intervals 
equal to the pitch between the measuring chips 10. 

The condenser lens 32, as shown in Fig. 2, collects 
and directs the light beam 30 toward the dielectric block 11. 
The light beam 30 enters the dielectric block 11 at the entrance 
surface 11c and converges at the interface 11a between the 
dielectric block 11 and the metal film 12 so that various angles 
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of incidence are obtained. The incidence angle range includes 
an angle range where a total internal reflection condition for 
the light beam 30 is satisfied at the interface 11a, and where 
surface plasmon resonance is able to occur. 

Note that the light beam 13 is p-polarized and caused 
to strike the interface 11a. For this reason, it is necessary 
to dispose the laser light source 31 so that the polarization 
direction thereof becomes a predetermined direction. 
Alternatively, the direction of polarization of the light beam 
30 may be controlled with a wavelength plate, a polarizing plate, 
etc . 

The photodetector 40 is constructed of a line sensor 
consisting of a plurality of light-receiving elements arrayed 
in a row. The light-receiving elements are set along the 
direction of arrow X in Fig. 2. 

The controller 60 receives an address signal A 
representing a position where rotation of the supporting-body 
drive means 50 is stopped, from the supporting-body drive means 
50. This controller 60 also outputs a drive signal D to operate 
the supporting-body drive means 50, based on a predetermined 
sequence . The controller 60 is equipped with a signal processing 
section 60 for receiving the output signal S from the photodetector 
40, and a display section 62 for receiving an output signal from 
the signal processing section 61. 

The automatic sample supply mechanism 70 is constructed 
of a pipet 71 for suctioning and holding, for example, a 



predetermined amount of a liquid sample, and means 72 for moving 
the pipet 71 . The automatic sample supply mechanism 70 suctions 
and holds a sample from a sample container 73 set at a predetermined 
place, and then supplies the sample to the sample holding frame 
13 of the measuring chip 10 being stopped at a predetermined 
position . 

A description will hereinafter be given of how a sample 
is analyzed by the surface plasmon resonance measuring apparatus 
constructed as described above . The turntable 21 is first rotated 
intermittently by the supporting-body drive means 50, as 
mentioned above. When the turntable 2 0 is stopped, a sample 15 
is supplied by the automatic sample supply mechanism 7 0 to the 
sample holding frame 13 of the measuring chip 10 being at a 
predetermined position. 

Thereafter, if the turntable 20 is rotated a few times 
and stopped, the measuring chip 10 holding the sample 15 in the 
sample holding frame 13 is located at a measuring position (the 
position of the measuring chip 10 on the right in Fig. 2) where 
the lightbeam30 enters the dielectric block 11 . If themeasuring 
chip 10 is held at the measuring position, the laser light source 
31 is driven in response to an output signal from the controller 
60. Then, the light beam 30 emitted from the laser light source 
31 is collected and directed to the dielectric block 11 by the 
condenser lens 32 and converges at the interface 11a between 
the dielectric block 11 and the metal film 12. The light beam 
30 satisfying total internal reflection at the interface 11a 



is detected by the photodetector 40. 

Since it enters the dielectric block 11 and converges 
at the interface 11a, the light beam 30 contains components 
incident on the interface 11a at various incidence angles 9 . 
Note that these incidence angles 8 are equal to or greater than 
a critical angle at which total internal reflection occurs. 
Theref ore, the light beam 30 satisfies total internal reflection 
at the interface 11a, and the reflected light beam 30 contains 
components reflected at various angles of reflection. The 
optical system, which includes the condenser lens 32, etc., may 
be constructed so that the light beam 30 is defocused when it 
strikes the interface 11a. If done in this manner, errors in 
the measurement of surface plasmon resonance (e.g., errors in 
the measurement of the position of the dark line) are averaged 
and therefore accuracy of measurement is enhanced. 

When the light beam 30 satisfies total internal 
reflection at the interface 11a, as described above, an evanescent 
wave propagates on the side of the metal film 12 through the 
interface 11a. And when the light beam 30 strikes the interface 
11a at a specific incidence angle 9 sp , the evanescent wave 
resonates with the surface plasmon excited at the surface of 
the metal film 12. Because of this, the intensity I of the light 
reflected at the interface 11a drops sharply. The relationship 
between the specific incidence angle 9 sp and the intensity I 
is shown in Fig. 4. 

Hence, the quantity of light detected by each 



light-receiving element is calculated from the light-quantity 
detection signal S output from the photodetector 40. Based on 
the position of the light-receiving element that detected a dark 
line, the specific incidence angle 9 sp (at which ATR occurs) 
is calculated. And based on a curve for the relationship between 
the intensity I and the incidence angle 6 sp , a specific substance 
in the sample 15 can be quantitatively analyzed. The signal 
processing section 61 of the controller 60 quantitatively 
analyzes a specific substance in the sample 15, based on the 
principle described above. The result of analysis is displayed 
on the display section 62. 

In the case where a single measurement is made on a 
single sample 15, the measurement is completed in the manner 
described above. The measuring chip 10 for which measurement 
has been finished is removed from the turntable 20 by hand or 
with automatic removal means. On the other hand, in the case 
where a plurality of measurements are made on a single sample 
15, the measuring chip 10 remains held in the turntable 20 after 
the first measurement. After one revolution of the turntable 
20, the sample 15 held in the measuring chip 10 may be measured 
again . 

In the surface plasmon resonance measuring apparatus, 
as described above, a plurality of measuring chips 10 are supported 
by the turntable 20 and are sequentially located at the measuring 
position by moving the turntable 20. Therefore, the samples 15 
held in the sample holding frames 13 of the measuring chips 10 
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can be successively measured by movement of the turntable 20. 
Thus, according to the surface plasmon resonance measuring 
apparatus of the first embodiment, it becomes possible to measure 
a great number of samples 15 in a short period of time. 

The surface plasmon resonance measuring apparatus of 
the first embodiment is provided with the automatic sample supply 
mechanism 70, whereby the time required to supply a sample is 
also shortened. Thus, it becomes possible to measure a great 
number of samples 15 in an even shorter period of time. 

In the first embodiment, the dielectric block 11, the 
metal film 12, and the sample holding frame 13 are formed integrally 
with one another and constitute the measuring chip 10. The 
measuring chip 10 is made exchangeable with respect to the 
turntable 20. Therefore, if the measuring chips 10, holding the 
samples 15 for which measurement has been completed, are removed 
from the turntable 20, and new measuring chips 10 are supported 
by the turntable 20, the newmeasuring chips 10 can be successively 
measured. Thus, it becomes possible to measure a great number 
of samples 15 in an even shorter period of time. 

In the measuring chip 10 according to the first 
embodiment, the optical coupling of the dielectric block 11 with 
another dielectric block through an index-matching solution is 
not needed as in the prior art. Thus, the measuring chip 10 of 
the first embodiment is easy to handle and does not require an 
index-matching solution that would have a detrimental influence 
on the environment. 
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Note that the sensing medium 14 being mounted on the 
surface of the metal film 12 couples with a specific substance 
in the sample 15. As a combination of the specific substance 
and the sensing medium 14, there is, for example, a combination 
of an antigen and an antibody. In that case, an antigen-antibody 
reaction can be detected, based on the angle 6 sp at which ATR 
occurs . 

As previously stated, it is necessary that the light 
beam 30 be p-polarized and strike the interface 11a. Because 
of this, the laser light source 31 is disposed so that the 
polarization direction thereof becomes a predetermined direction, 
or the polarization direction of the light beam 30 is controlled 
with a wavelength plate or polarizing plate. However, in the 
case where the dielectric block 11 consists of synthetic resin, 
there are cases where a strong s-polarized component occurs due 
to optical distortion (e.g., double refraction, etc.) when the 
light beam 30 reaches the interface 11a. In those cases, the 
S/N ratio for the light-quantity detection signal S output from 
the photodetector 40 is reduced and accuracy of measurement 
deteriorates . 

However, in the first embodiment, the transparent 
dielectric block 11 is formed from PMMA, and in the case of PMMA, 
the intensity of the s-polarized component is on the order of 
a few percent of the intensity of the light beam 30 at the interface 
11a and is therefore reduced to 50 percent or less . In this case, 
there is no practical hindrance in a general sample analysis 
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that is made with the surface plasmon resonance measuring 
apparatus of the first embodiment. 

In the case where the coupling reaction between a 
specific substance in the sample 15 and the sensing medium 14 
is examined when they are an antigen and an antibody, the intensity 
of the s-polarized component at the interface 11a must generally 
be 30 percent or less of the intensity of the light beam 30 at 
the interface 11a. Particularly, in the case where the result 
of analysis is utilized in pharmaceutical manufacture, it must 
be 10 percent or less. In the case where the dielectric block 
11 is formed from PMMA, these requirements are satisfied. 

Note that it is difficult to suppress the intensity 
of the s-polarized component (conversion ratio R) to less than 
or equal to 50%, less than or equal to 30%, or less than or equal 
to 10% simply by employing PMMA as the material for the dielectric 
block 11 . These conversion ratios R can be realized by applying 
the method of manufacture of a surface plasmon resonance measuring 
chip of the present invention, when PMMA is employed. An 
embodiment of this method will be described in detail below. 

Fig. 5 shows a surface plasmon resonance measuring chip 
10' constructed according to a second embodiment of the present 
invention. Note in the figure that the same reference numerals 
are applied to the same parts as those in Fig. 2, and that a 
description thereof will not be given unless particularly 
necessary (the same applies to the following description) . 

The measuring chip 10' of the second embodiment differs 
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from the measuring chip 10 shown in Figs. 2 and 3 only in that 
the sensing medium 14 is not used. Therefore, in the second 
embodiment , a substance in a sample 15 is quantitatively analyzed 
without coupling between a specific substance in the sample 15 
and the sensing medium 14. 

Other than the above-mentioned point, the measuring 
chip 10' has the same construction as the measuring chip 10 shown 
in Figs. 2 and 3, including that a transparent dielectric block 
11 is formed from PMMA. Therefore, in the case of the measuring 
chip 10', the same effect as the case of the measuring chip 10 
can be obtained. 

It has been described that the measuring chip is 
automatically supplied by the turntable 2 0 to the measuring 
position where the light beam is irradiated to the measuring 
chip, and is automatically removed from the turntable 20 . However, 
the measuring chip of the present invention can be used in a 
surface plasmon resonance measuring apparatus that does not 
perform such automatic supply and removal. In a surface plasmon 
resonance measuring apparatus shown in Fig. 6, for instance, 
an attachment 80 is fixed with respect to a laser light source 
31, a condenser lens 32, and a photodetector 40. In this type 
of apparatus, a measuring chip 10 is manually installed in the 
attachment 80 as a measurement is made, and is manually removed 
from the attachment 80 after measurement. 

The surface plasmon resonance measuring chip of the 
present invention can be formed into shapes other than the 



aforementioned shape. In Figs. 7 to 12 there are shown surface 
plasmon resonance measuring chips in accordance with other 
embodiments of the present invention. 

Fig. 7 shows a measuring chip 110 constructed according 
to a third embodiment of the present invention. Compared with 
the measuring chip 10 shown in Fig. 3, the portion of a dielectric 
block 11 is the same in shape, but the portion of a sample holding 
frame 113 differs in shape. That is, the sample holding frame 
113 has a recess whose cross section gradually increases in size 
from the bottom thereof toward the top. A metal film 12 is 
generally formed on the dielectric block 11 by vapor deposition. 
If the sample holding frame 113 is formed into a shape such as 
that described above, a deposited metal film (metal film 12) 
is blocked by the sample holding frame, and therefore can be 
prevented from becoming uneven in thickness. In the measuring 
chip 110 of the third embodiment, as with the aforementioned 
embodiments, the transparent dielectric block 11 is formed from 
PMMA. Therefore, the third embodiment is capable of obtaining 
the same effect as the aforementioned effect. 

Fig . 8 shows a measuring chip 210 constructed according 
to a fourth embodiment of the present invention. Compared with 
the measuring chip 10 shown in Fig. 3, the portion of a dielectric 
block 11 is the same in shape, but the portion of a sample holding 
frame 213 is formed into a cylindrical shape. A metal film 12 
is likewise formed into a circular shape according to the shape 
of the sampling holding frame 213. As with the aforementioned 
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embodiments, the transparent dielectric block 11 is formed from 
PMMA. Therefore, the measuring chip 210 of the fourth embodiment 
can likewise obtain the same effect as the aforementioned effect . 

Fig. 9 shows a measuring chip 310 constructed according 
to a fifth embodiment of the present invention. A sample holding 
frame 313 has a cylindrical hole. A metal film 312 is likewise 
formed into a circular shape according to the shape of the sample 
holding frame 313. Furthermore, a dielectric block 311 has a 
light entrance surface 311b and a light exit surface 311c, which 
are formed by a portion of a spherical surface . If the dielectric 
block 311 is formed like this, the block 311 has a lens effect 
at the light entrance surface 311b and the light exit surface 
311c with respect to a light beam 30 . As with the aforementioned 
embodiments, the transparent dielectric block 311 is formed from 
PMMA. Therefore, the measuring chip 310 of the fifth embodiment 
can likewise obtain the same effect as the aforementioned effect . 

Fig. 10 shows ameasuring chip 410 constructedaccording 
to a sixth embodiment of the present invention. Compared with 
the measuring chip 210 shown in Fig. 8, the portion of a dielectric 
block 411 differs in shape. As shown in Fig . 10, a portion through 
which a light beam 30 does not pass is cut out from the dielectric 
block 411. If the dielectric block 411 has such a shape, the 
amount of material (e.g., the aforementioned glass, transparent 
synthetic resin, etc.) that is used can be saved. As with the 
aforementioned embodiments, the transparent dielectric block 
411 is formed from PMMA. Therefore, the measuring chip 410 of 



33 



the sixth embodiment can likewise obtain the same effect as the 
aforementioned effect. 

Fig. 11 shows a surface plasmon resonance measuring 
chip 510 constructed according to a seventh embodiment of the 
present invention. The measuring chip 510 consists of a 
dielectric block 511, which is formed, for example, from the 
aforementioned transparent synthetic resin. As shown in Fig. 
11, the dielectric block 511 is formed by a portion of a generally 
quadrangular pyramid. More specifically, it is formed by the 
upper portion of an inverted quadrangular pyramid. That is, the 
dielectric block 511 has a cross section that gradually increases 
in size toward the top thereof. 

Two side surfaces of the four side surfaces of the 
dielectric block 511 are used as a light entrance surface 511b 
anda light exit surface 511b, respectively. The entrance surface 
511b and the exit surface 511b may be transparent, or only a 
region through which a light beam passes may be transparent. 
The remaining two side surfaces may be transparent like the 
entrance and exit surf aces 511b, 511c, or may be semitransparent . 

The dielectric block 511 is also provided with a sample 
holding hole 511m having a circular cross section, which gradually 
increases in diameter toward the top surface of the dielectric 
block 511. The bottom surface of the sample holding hole 511m 
is provided with a metal film 512. That is, in the seventh 
embodiment, the portion of the dielectric block 511 which forms 
the side wall portion and bottom portion of the sample holding 
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hole 511m constitutes a sample holding frame. 

As shown in Fig. 11, the turntable 20 (see Fig. 1) of 
a surface plasmon resonance measuring apparatus employing the 
surface plasmon resonance measuring chip 510 of the seventh 
embodiment has a square chip holding bore 20w. The cross section 
of the chip holding bore 20w conforms to that of the dielectric 
block 511 so that it can receive the dielectric block 511. That 
is, the cross section of the chip holding bore 20w is tapered, 
gradually increasing in size from the bottom thereof toward the 
top . 

The surface plasmon resonance measuring chip 510 is 
fitted in the chip holding bore 20w and is held in the turntable 
20. Thus, if the square chip holding bore 20w and the square 
cross-section dielectric block 511 engage with each other, the 
dielectric block 511 is automatically set in a predetermined 
direction within a horizontal plane parallel to the surface of 
the turntable 20, and there is no possibility that the dielectric 
block 511 will be shifted horizontally from the sample holding 
bore 20w. Thus, the surface plasmon resonance measuring chip 
510 of the seventh embodiment can be very easily positioned within 
a horizontal plane. 

In addition, if the dielectric block 511 with inclined 
side surfaces is inserted into the chip holding bore 20w, the 
dielectric block 511 is stopped and held at a height where the 
inclined surfaces of the dielectric block 511 and the chip holding 
bore 2 Ow engage with each other, and consequently, the dielectric 
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block 511 can be very easily positioned m the vertical direction 
thereof. In the seventh embodiment, when the measuring chip 510 
is positioned in the vertical direction, the portion of the 
dielectric block 511 below the broken line shown in Fig. 11 
protrudes downward from the turntable 20. As with the 
aforementioned embodiments, the transparent dielectric block 
511 is formed from PMMA. Therefore, the measuring chip 510 of 
the seventh embodiment can likewise obtain the same effect as 
the aforementioned effect. 

Figs. 12A and 12B show a surface plasmon resonance 
measuring chip 610 constructed according to an eighth embodiment 
of the present invention. The surface plasmon resonance 
measuring chip 610 differs from the measuring chip 510 shown 
in Fig. 11 in that a sample holding frame 613 is formed on a 
dielectric block 611. The sample holding frame 613 is formed 
integrally with the dielectric block 611. The sample holding 
frame 613 is formed from a portion of a cone and provided with 
a sample holding hole 613a having a cross section that gradually 
increases in diameter from the bottom thereof toward the top. 
A metal film 612 is formed on the bottom of the sample holding 
hole 613a. 

The dielectric block 611 has a shape similar to the 
dielectric block 511 shown in Fig. 11. Two side surfaces of the 
4 side surfaces of the dielectric block 611 are used as a light 
entrance surface 611b and a light exit surface 611c, respectively. 
Because the dielectric block 611 is formed into such a shape, 



horizontal positioning and vertical positioning can be easily 
performed in the case where the surface plasmon resonance 
measuring chip 610 of the eighth embodiment is fitted and held 
in the chip holding bore 20w of the turntable 20 shown in Fig. 
11. As with the aforementioned embodiments , the transparent 
dielectric block 611 is formed from PMMA. Therefore, the 
measuring chip 610 of the eighth embodiment can likewise obtain 
the same effect as the aforementioned effect. 

While it has been described in the aforementioned 
embodiments that the dielectric blocks are formed from PMMA, 
the material of the dielectric blocks is not limited to PMMA. 
For example, even if "ZEONEX 330R", a cycloolefin polymer 
manufactured by Japan Zeon, is employed, nearly the same effect 
as the case of PMMA can be obtained. 

Further, synthetic resins such as "ZEONOR", a 
cycloolefin polymer manufactured by Japan Zeon, and "ABERU", 
an ethylene tetracyclododecene cycloolefin polymer manufactured 
by Mitsui Chemical, may also be employed as the material for 
the dielectric block. If the aforementioned synthetic resins 
are viewed from the point of suppressing the conversion ratio 
R from the p-polarized component to the s-polarized component, 
then "ZEONEX 330R", "ZEONOR", and "ABERU" are more preferable 
than PMMA. 

Next, an embodiment of the method of manufacture of 
a surface plasmon resonance measuring chip according to the 
present invention will be described. Note that a case will be 
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described in which a measuring chip 710 of a shape as shown in 
Figure 16 will be described. As shown in the figure, the measuring 
chip 710 is constructed of a transparent dielectric block 711 
formed into the shape of a section of a rectangular cone, for 
example; a metal film 712, formed on a surface 711a of the 
dielectric block 711, which consists of gold, silver, copper, 
aluminum, etc.; and a sample holding frame 713 formed on the 
dielectric block 711 above the metal film 712 to create a space 
having its lateral surfaces closed. The dielectric block 711 
is formed as a single block, which includes the surface 711a 
on which the metal film 712 is formed, an entrance surface 711b 
that the measurement light beam enters, and an exit surface 711c 
from which the light beam exits. The sample holding frame 713 
composes a space for holding liquid, and the space holds, for 
example, a liquid sample. 

Figure 17 schematically shows an injection molding 
apparatus for manufacturing a measuring chip by an embodiment 
of a method of manufacture according to the present invention. 
As shown in the figure, this injection molding apparatus is 
constructed of a lower mold 702; fixed to a movable attachment 
board 780, which is vertically movable; via a spacer block 781; 
and an upper mold 701 that closely contacts with and separates 
from the lower mold 702. 

The lower mold 702 is constructed of a receiving board 
782; a stopper plate 783 assembled above the receiving board 
782; and a pin 704 that protrudes towards the upper mold 701. 
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The upper mold is constructed of a movable board 784 that comes 
into close contact with the lowermold702 in the vertical direction 
when the lower mold 702 presses against it from below; a runner 
plate 785; a runner stripper plate 786; and a fixed attachment 
board 787. The vertical position of the fixed attachment board 
is fixed. When the lower mold 702 drops a predetermined distance 
from the position shown in Figure 17, the movable board 784, 
the runner plate 785, and the runner stripper plate 786 separate 
therefrom while separating from each other. 

Two slider blocks 784a and 784b, that move in the 
direction which is horizontal in the figure and create a space 
703 therebetween when in a state of close contact, are built 
into movable board 784. When the upper mold 701 and the lower 
mold 702 are placed in close contact, the tip of the pin 704 
protrudes within the space 703 . Note that in Figure 17, the space 
through which molten synthetic resin flows, such as the space 
703, is indicated by hatching. 

Runner grooves 785a and 786a are formed on the upper 
surface of runner plate 785 and the lower surface of runner stripper 
plate 786, respectively, so that they align when the runner plate 
785 and the runner stripper plate 786 are placed in close contact . 
In addition, a resin introducing channel 786b that communicates 
with the runner groove 78 6a is formed in the runner stripper 
plate 786. Further, a resin introducing channel 787a, that 
communicates with the resin introducing channel 786b when the 
fixed attachment board 787 is placed in close contact with the 
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runner stripper plate 786, is formed in the fixed attachment 
board 787. 

When transparent synthetic resin is forced through the 
resin introducing channel 787a of fixed attachment board 787 
in the direction indicated by the arrow A, with the upper mold 

701 and the lower mold 702 in a state of close contact as shown 
in Figure 17, the synthetic resin is injected into the space 
703 from pin gate G. If the upper mold 701 and the lower mold 

702 are separated after the synthetic resin cools and solidifies, 
a dielectric block 711 that constitutes the measuring chip 710 
shown in Figure 16 can be obtained. 

When injection molding the dielectric block 711 in this 
manner, the gate G is positioned at a position that faces a tip 
surface 704a of the pin, which is the mold surface that defines 
the surface 711a of the dielectric block 711 . Thus, the reduction 
in the strength of the dielectric block at the merge points of 
the synthetic resin's flow and the generation of welds (lines 
occurring at the merge plane of synthetic resin flow) at the 
surface 711a of the dielectric block 711 are prevented. 

That is, at this time, the synthetic resin flows towards 
the tip surface 704a of the pin 704, as indicated by the two 
arrows in Figure 18, which is a magnified view of the area 
surrounding the pin 704. Thus, the flow of synthetic resin does 
not merge at the surface 711a (see Figure 16) of the dielectric 
block 711 . By preventing the generation of welds in this manner, 
it becomes possible to suppress the intensity of the s-polarized 
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component (conversion ratio R) of the light beam incident on 
the surface 711a of dielectric block 711 to the aforementioned 
less than or equal to 50%, less than or equal to 30%, or less 
than or equal to 10%. 

After injection molding the dielectric block 711 as 
described above, if a metal film 712 is formed on the surface 
711a thereof, and further fixing a sensing medium 714 on the 
metal film 712, the measuring chip 710 as shown in Figure 16 
is obtained. 

Note that the method of manufacture of a measuring chip 
according to the present invention is not limited to a case in 
whichadielectricblock711 of a shape described above is injection 
molded. The method is applicable to cases in which dielectric 
blocks of other shapes are in j ection molded, and exhibits similar 
effects. Further, the gate G is not limited to the pin gate 
described above, and may be a gate of other forms, such as a 
fan gate or the like. 

Although the present invention has been described with 
reference to the preferred embodiments thereof, the invention 
is not to be limited to the details given herein, but may be 
modified within the scope of the invention hereinafter claimed. 



